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cA Study on the Qezmination and Growth of Legu- 
minosae, Especially with Refezence to 
Small and Large Seed.
B y  F . Gr. M il l e r , and L . H. P a m m e l , Agricultural College, 
Ames, Iowa.
Practical eipc rience has shown the value of giving 
much attention to  the subject of seed selection. While it 
is true th at the greater number of farmers p ay  no a t­
tention to seed selection, nevertheless the careful farmer 
and horticulturist is particular about the kind of seed th at 
he plants. And this is especially true of crops like corn, 
wheat, cotton, o ats and potatoes. The m ajority of farm ­
ers pick their seed a t  random, often without paying any 
attention to the pedigree or v ita lity , with the result th at 
their crop is very much reduced. The fact th at Dr. Stubbs 
had increased the sugar per cent, of the sugar cane grown 
in Louisiana by careful selection, thus m aking it a  profit­
able industry, is a  good illustration of w hat can be done 
b y careful and intelligent selection.
The fact th at Mr. Oma Carr, under the direction of Dr. 
W iley,1 succeeded in raising the sucrose of sorghum  from 
9.5 in the amber variety  to 14.3 per cent., is worthy of 
attention.
The following table shows the per cent, of increase in 
the sugar content, according to  his experiments:
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Amber. . 9-5 63 r i .7 74 12.8  71 12.9 72 14.5 76 14-3 63.4
C o ln ia n 14.6  76 1 4 . 9  7 6 i5-*> 76 17-2 75 15-5 75
O range. . 10.4  63 12 .1 71 13-5 72 13.6  68 17.7  80 16.2  80
1 Experiments with sorghum. Bull. U. S. Dept. Agr., Div. Chem. 
40: 23 .
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156 A STUDY ON T H E  G ERM IN A TIO N  AND GROW TH O P LEGtTMltoOSAE,
Prof. Gallow ay in a  series of some m ost interesting 
experim ents1 with radishes, proved beyond a  doubt, th at 
the large radish seed germinated more quickly and more 
uniformly, than the small seed. The latter, however, gave  
proportionately larger plants. In this case Mr. Gallow ay 
suggests the effects of long natural and methodical selec­
tion, the radish is cultivated for the root and selection 
of the radish has been directed to increase the size of this 
part without the size of the seed.
A rthur and Golden in a  series of interesting experiments 
on large and small corn seed found the following results: 
“ T h irty  kernels from a  single ear of white dent corn were 
separately weighed, of which six grew th at were over 400 
m illigram s each, and nine th at were under 300  m illigram s 
each. The product of these gave  a  greater average weight 
of ears for the large than for the sm all seed, which was 
also true of the cobs and kernels taken separately.”
Product of Product of
large seed sm all seed
Average w eight of seed in m illigram s................... 3 1J 268
Average w eight of cobs in grains 55 47
Webber2 notes th at Roujon states th at “  by selecting 
and planting only the sm allest seeds from the least de­
veloped specimens of sunflower, corn and other plants, 
obtained in two years very sm all plants. The corn was re­
duced in size to about eight inches high. As the height 
diminished the number of seed decreased,”  and the final 
result was absolute sterility.
In the case of corn, farmers have done a  great deal 
tow ards selection by saving the best for seed. There has 
been much discussion as to  whether the kernels found a t 
the base are better than those a t  the tip. Tests made a t  
the K an sas Agricultural Experim ent S ta tio n 3 show : 
“ Considering all the facts shown in this experiment and in 
the experiment with corn planted a t  different distances,
1 Ag. Sci. 5  : 1 1 7 .
2 Influence o f environm ent in th e  origination of plant varieties. 
Yearbook U. S . Dept. Agri. 1896 : 92.
* Bull. K ansas Agrl. Exp. Station 30 . 18 9 1 .
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P la te  1, F ig. 1.—Showing th e  re la tive  g row th  an d  v igor of p lan tle ts  of medium red clover 
grow n from large and  sm all seed. T he tw o p la n ts  to  the  left a re  from la rge  seed, th e  tw o  to  th«  
r ig h t from  th e  s m a ll; the  num bers correspond to  those  in the  tab le.
P la te  1, Fig. 2,—Showing num bers 2 and  8 of th is  experim ent with the  sand  vetch. The 
num bers correspond to  th o se  in table.
P la te  1, Fig. 3.—Showing p la n t grow th  of alfalfa from la rge  and  sm all seed, including 
No. 2, 3, 6 and  9 of th is  experim ent. No. 3 meanured a  trifle higher th a n  e ithe r No. 6 o r 9, b u t f t 
was sm aller in d iam eter, weighed less and  had  fewer leaves th a n  No. 6. The num bers correspond 
to  those  in table.
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P la te  2, Fig. 1.—.Showing p lan ts  No. 1. 8. 2 and  i* of the  silfalfa. as  taken  a t  the  close of the  
experim ent. The num bers correspond to  those  in tab le.
P la te  2, F ig . 2.—Of p lan ts  1. 4, 8 and  10 of sainfoin. The num bers correspond to  those in table.
P la te  2, Fig. 3.—P la n ts  Nos. 1 and  8 of Im proved  E arly  V alentine Hean are  shown in the 
c a t  above. The num bers correspond to  those  in tab le .
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E S P E C IA L L Y  W ITH  R E F E R E N C E  TO S M A L L  A N D  L A R G E  SE E D  I59
the inference seems plain th a t we must plant corn with the 
sole object of raising feed.”  The average of three years’ 
trials are slightly in favor of the butt kernels, according 
to  Georgeson, Burtis and Otis.1
This investigation was undertaken to determine the 
germ inating power, and com parative value of large and 
small seed, the relative growth of the plants as to  general 
vigor, number of leaves and branchlets, the development 
of the root system, and the root and stem.
PLAN OF THE EXPERIMENT
The experiments were conducted in the green house 
during the months of January to May, 1901 . The inves­
tigation  consisted of two parts. In the first some thirty- 
five representatives of the pulse family were studied, and 
with one or two exceptions, twenty-five large and twenty- 
five small seed, in each instance, were selected from alarge 
packet a t  hand, each lot of twenty-five seed being care­
fully weighed. The two lots of seed of the same variety 
were planted in parallel rows in a  plat, care being!aken to 
have them under similar conditions of soil, moisture, and 
temperature. The soil used was a  black loam mixed with 
sand in the proportions of four to  one. The seeds were 
planted in the latter part of January, and the experiment 
with each lo t of twenty-five continued on for twenty days 
from the time the first seed germinated.
t a b u l a t e d  g e r m in a t io n  r e s u l t s
The kinds of seed used and the leading points noted in 
this part of the investigation are detailed in the table that 
follows.
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larger plants
White O .O IIO 25 4 2 12 14 15 if> 16 16 16 64 Large
Clover 0.0160 25 4 2 15 16 17 18 19 19 '9 76
Medium Red 0 0279 25 5 4 6 7 7 8 8 8 8 32 Large
Clover 0.0482 25 5 6 8 8 10 10 10 10 10 40
Mammoth Red 0.0221 25 ■S 5 9 11 11 11 11 11 11 44 Large
Clover O O 4 7 6 25 5 5 7 9 9 11 11 11 11 44
1 Bull. Kansas Agri. Exp. Station, 45 : 143, 1893.
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l6 o  A ST U D Y ON T H E  G E R M IN A T IO N  A N D  GRO W TH  G F  I.E G U M IN O SAE ,
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Crimson 0.0610 25 4 10 15 '5 '5 15 15 15 15 60 Small
Clover 0.1137 25 4 8 8 8 8 8 8 8 8 32
Sweet 0.0327 25 4 13 13 13 >3 13 >3 13 '3 52 Large
Clover 0.0442 25 4 15 17 17 17 17 17 17 '7 78
Sainfoin 03770 25 5 1 2 2 4 9 •5 16 16 64 Large
0 5690 25 5 1 1 2 2 9 14 15 "5 60
Sand 05015 24 5 11 16 17 18 18 20 20 20 83 Large
Vetch 1.0799 24 4 2 12 15 16 16 17 17 18 75
Everbearing 5-1432 25
Pea 11.1923 25
Stratagem 44385 25 10 1 1 1 1 1 1 I 4
Pea 9-3457 25
Premium Gem 4.0716 25 7 1 1 1 1 2 2 2 2 8 No appreci­
Pea 6.8083 25 7 1 1 1 1 1 1 I 1 4 able diff’nce
Dwarf Champion 5.1269 25
Pea 10.3231 25 1 1 1 1 1 1 1 I 1 1
Nott’s Excelsior 4-4974 25 6 2 5 5 5 6 8 8 8 32 Small
Pea 8.0105 25 7 2 5 6 6 7 8 8 8 32
Gradus 4.1562 25 8 1 1 1 1 1 1 1 1 4 No appreci­
Pea 10.4044 25 7 2 2 2 2 2 2 2 2 8 able diff’nce
June 5.0922 25
Pea 7.6025 25
Alaska 3 4829 25 5 7 21 22 22 22 24 24 25 100 Laige
Pea 11.3050 25 5 11 21 21 21 21 22 22 24 96
Black-eyed Mar­ 5.1087 25 7 15 15 15 15 15 15 15 15 60 Large
row Pea 8.9020 25 7 3 3 4 4 4 7 7 9 36
Champion of 4-5360 25 6 2 9 10 10 11 12 12 12 48 Large
England Pea 10.3730 25 5 1 12 14 15 15 17 18 18 72
Dwarf White 6.2255 25 6 r3 21 22 22 22 24 24 24 96 Large
Marrow Fat Pea 10.5207 25 6 11 21 22 23 25 25 25 25 100
Oowa Challenge 40785 25 6 4 4 5 5 5 5 5 5 20 Small
Pea 6.8026 25 5 1 1 2 2 3 3 3 3 12
Cow 2.5760 25 12 7 13 13 15 15 15 15 15 60 No appreci­
Pea 5.2622 25 12 3 10 10 13 14 15 15 15 60 able diff’nc*
Alfalfa 0.0465 25 4 16 17 17 17 17 20 20 20 80 Large
0.0760 2 5 4 9 14 14 14 14 17 17 17 68
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Scarlet Runner 12 8621 12 13 1 1 1 1 2 2 2 2 16% Small
Bean 18 3420 13 13 1 1 2 2 3 3 3 3 23
Improved Early 5 9481 25 12 1 3 6 11 14 16 16 16 64 Large
Valentine Pea 9 3479 25 11 3 3 3 6 7 7 7 7 28
Refugee 6 6277 25 12 1 1 1 1 2 2 2 2 8 Small
Bean 11 9246 25 16 1 1 1 1 1 i 1 1 4
Words w ell’s Kid 8 0761 25 11 1 1 1 2 2 2 2 2 8 Large
ney Wax Bean 15 5973 25 13 1 1 1 1 1 1 1 1 4
King of Golden 16 7728 25
Lima Bean 30 6126 25
Cut Shorts 4 2880 25 16 1 1 1 1 1 1 1 1 4 Large
Bean 7 7920 25 11 1 1 1 1 5 5 5 5 20
Yard Long 2 2565 25 11 1 2 2 4 4 4 4 4 16 No appreci­
Bean 3 9214 25 il 1 1 1 3 3 3 3 3 12 able diffn’ce
Long Yellow Six 6 9907 25 10 2 10 12 15 15 15 15 15 60 Large
W eeks Bean 10 2522 25 10 5 11 11 14 18 18 18 18 72
Old Homestead 4 1577 25 9 2 6 9 9 14 15 16 16 64 Large
Bean 8 3815 25 7 2 7 10 14 18 19 21 21 84
Golden Cluster 7 1817 25
Bean 12 6117 25
Rngpr’s Lima 5 5003 25 19 1 1 1 1 2 2 2 2 8 No appreci­
Wax Beans 8 4025 25 15 2 2 2 2 2 2 2 2 8 able diflf’nce
Black Wax 5 18-10 25 8 2 6 10 14 15 16 16 16 64 Large
Bean 10 3270 25 9 2 4 4 5 7 8 8 8 32
White Dutch Ease 10 2760 25
Knife Bean 14 9440 25
Soy 2 8622 25 7 16 16 17 17 17 17 17 17 68 Large
Bean 5 6040 25 i 22 22 22 22 23 23 23 23 92
GENERAL, (xEHMINATIOJf r e s u l t s  
It will be noted from the table th a t a  to ta l of 862  
small seeds were planted, and 861  large. The per cent, of 
small seeds {Terminating; was 37 .0 5 ; of the large seeds, 
36 .31 . Of the thirty-five kinds of seeds planted five did 
not germinate a t all. In two cases only one lo t germ inat­
9
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162 a  s t u d y  o n  t h e  g e r m i n a t i o n  a n d  g r o w t h  o f  l e g u m i n o s a e ,
ed, and thus no comparisons were possible. In five cases 
there was no appreciable difference in the relative vigor of 
the plants from the large and small seeds, while in five 
instances the difference was in favor of the small seed, and 
in eighteen the results were favorable to  the large seed, in 
the m ajority of cases markedly so.
Thus it will be seen th at in point of v itality , the re­
sults were in favor of the small seed by less than one per 
cent., and the small seed germinated slightly earlier than 
the large seed. In the most im portant point, however, 
th at of the relative size and vigor of the plant*, the super­
iority of the large heavy seed was clearly in evidence of 
seventy-eight per cent, of the trials.
In the second part of this study, experiments were con­
ducted with medium red clover, sand vetch, alfalfa, sweet 
clover, sainfoin, improved early valentine bean, soy bean, 
scarlet runner bean, cow pea and the blaclt-eyed marrow 
pea,— all were included in the first p art of this investiga­
tion. In one case, th a t of the scarlet runner bean, the 
results were favorable to  the small seed in the first part, 
in another, the cow pea, there was no appreciable differ­
ence, while with the others the large seed had proven the 
superior. These ten varieties represent fairly the results 
obtained in the first p art of the experiment.
TABULATED RESULTS OP GROWTH
In each case five large and five small seeds were select­
ed out and each seed was weighed, the different seed of 
each lo t having approxim ately the same weight. Each 
seed was planted in-a separate pot of suitable size. Here, 
as before, the lots of seed of any given kind had identical 
conditions of soil, heat, and moisture just so far as possi­
ble. The soil used consisted of three parts sod soil, one 
part manure and one p art sand. The planting was all 
done on March 16th, and the experiments were closed up 
a t  different times ranging from the 9 th to  the 16th of 
May.
A t the close of each experiment, photographs were 
made of representative plants and are shown in P late I, 
figure 1 . The time of germ inating, the height of the plant 
from time to  time, the weight of the seed, root, stem, and
10
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plant, and the number of leaves or branchlets are given 
nil the various tables th at follow.
•ESPECIAXTLY W IT H  R E F E R E N C E  T O  S M A I.L  A N D  I.A H G E  S E E D  16 3
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1 7 Vs & 95 5 35 v2 u % 1% 1 1 3l T« G .0013 .0976 .2508 .3484 11 33
3 8 tB V* W % 1% % 1 1% w * 2 5% .0012 .0426 .1467 .1893 8 24
5 7 % Y4 3 5 5 T2 % & % I 2% .0013 .0206 .1113 .1319 16 45
A verages ,
I
j 4*f .0013 -0536 .1696
- 1 
.2232)11% 34
Five Large Seed
8 Mi % 15 % T®S l i f t u% H i 2^4 6% .0020 .0920 .2333 .3253 15 45
3 7 % I* 5§ IB % i f 1% 1% 2 f t 2%
*
7 .0026 .0775 .2673 .3448 13 39
3 6 A T» % % % 1% 1% 2 * 2 % , 5% .0023 .1066 .3039 .4095 13 39
10 6 V4 % % % H i % 1% *2% 6% .0020 .0710 .2612 .3322 9 27
A v erag es , 6 * .0022 .0866 .2664 .3530 12%
37i
In the experiment with the medium red clover, it will 
be seen th a t the per cent, of small seed germ inating was 
s ixty ; of the large, eighty. Occasionally in these experi­
ments one or two plants from the small seed were superior 
to  those from the large seed, but these were the exception 
and not the rule, as a  study of the various tables will 
show. In the above table for example, plant number 1 is 
slightly  heavier than numbers 6,8  or 10, but considerably 
lighter than number 9 . However in points of size, weight 
of root, stem, and plant, and number of branchlets and 
leaves the averages for the plants from the large seed are 
considerably above those from the small seed.
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l 6'4 A S T U D Y  ON T H E  G E R M IN A T IO N  A N D 1 G R O W TH  O F  I/E G U M INOSA E r
E X P E R IM E N T  I I  SAND V ETC H  
F ir e  S m a ll Seed
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1 8 % 1 m 1% 213 3% 3% 4 4% 10 .0168 .2629 .7782 1.0411 n
2 7 % iy 2 2% 2% 4Y4 4% 5Y4 5^4 W4 5V6 .0135 .1448 .4692 .6140 s
f>
6 Vi i% 1% 21/4 3 3% 4V2 4V2 4 v2 4Vi 8V2 .0138 .2285 .63*3 .8668 K
A verages , - - ■ - 9V& .0147 .2121 .0286 .8406 9
F iv e  L a rg e  Seed
6 5 % 1% 3)4 3% 5% 6V4 6H 6% 6V4 6^, 10 .0562 .6956 1.4188 2.1144 12
i 8 % 2 2H 3 5 5% 6% 6% 7 714 ioy2 .0445 .40571 .0576 1.4633 10
8 6 2 3% 4 6V2 7V4 7% 7*4 7% 7% 12 .0520 .42571 .1531 1.5788 11
9 6 2V4 3V4 3M» 5V6 6% 7 7V2 7% 8 12% .0490 .41541 .3038 1.7192 11
10 6 % iy2 2V4 2y4 3% 4V6 5 5% 5% 6 10% .0600 .3645 1.1254 1.4899 12
A v erag es , - n * .0523 .46141 .2177 1.6731 1 n
The table shows a percentage germ ination of sixty  for 
the small seed, and one hundred for the large. Note th at 
the heaviest plant from the small seed weighed consider­
ably less than the lightest plant from the large seed, while 
in averages the difference is still greater in favor of the 
plants from the large seed, these plants being in every 
way superior.
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3 4 % % I 2 2% 214 3 3 f t 11H .0010 .1007 .4256 .5263 78
4
5
A v e r a g e s , ...................................... 9V4 .0011 .1194 .3482 .4676 6 7 ^
F iv e  L a rg e  Seed
6 4 % a TB 1 IVs 2% 2 y. 2 f t 2% 3 * 9X .0036 .1848 .3061 .4909 66
S
9 5 & y* i i X u 1 1 3l T6 U 8 2% 2% 2}l .0030 .2068 .5407 .7475 115
10
A v erag es , - i o « .0033 .1959 .4234 .6192 90X
The number of alfalfa seed3 germinating was the same 
for the large and the small seed, being forty per cent, in 
each case. All the averages are greater for the large than 
for the small seed.
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1 5 IB 35 h i H n 1>4 1H 1% 1 % 6 .0010 .0739 .1523 .2262 19
3 5 iV 52 32 X % X I 1 * 1% 5% .0009 .0532 .1659 .2191 19
4
5
6 1*6 t3« 3*2 & T*B H i f 29a 2 1 1 * DEAD .0010
A v e r a g e ® , ...................................... 5% .0010 .0636 .1591 .2227 19
F iv e  I ,a rg e  Seed
6
7
8 4 A tt *B A % i l i t 1* 5 ^ .0022 .1002 .2340 .3342 34
9 4 A IB * si i 1 9 M B HI 2* 8 .0023 .1388 .3621 .5009 37
10
A verages, 6% .0023 .1195 .2981 .4176 3 5 *
In this experiment with sweet clover the per cent, of 
germination was sixty for the small seed and forty for 
the large. Plant No. 4, however, withered and died before 
the experiment was closed. The results both individually 
and in averages Were in favor of the large seed.
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EXPERIMENT V SAINFOIN
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2 12 % B V /s i t 1% 113 1% 2A 3% .0151 .0619 .1466 .2085 7 31
3 12 % % 2532 1 iy 2 m U 8 1% 1 11 2V6 ±Ya .0124 .0 72 .1259 .1831 8 31
4
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16 332 lA % % HS 1% 2 2M 2i8b 3>4 4 ^ .0161 .0839 .1217 .2050 7 28
A v e r a g e s , ...................................... 4 .0137 .0644 .1221 .1839 7 29
Five Large Seed
6
7
8 
10
9
22
23
X
%
%
V 4
I S
3 2
%
xe
16
l A
lVs
2Y8
m
2%
1*
3 /s
2H
3U
3 ^
4
3 l8
4
.0273
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.0247
.0409
.0400
.0957
.0647
.1366
5
7
14
19
A v e r a g e s , ...................................... 315 .0273 .0328 .0679 .1007
6
t i l
Here was the most pronounced exception of the entire 
investigation. The plants from the small seed were larger 
and stronger, both when compared plant by plant and in 
all the averages than the plants from the large seed. This 
is the direct opposite of the results obtained with the sain­
foin recorded in the first part of this paper, where the 
larger seed produced the larger plants. In point of germ­
ination the per cent, was 80 for the small seed and 40 for 
the large.
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A v e r a g e s , ...................................... 9 f t .‘2141 .1634 .804 .9576 14
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8
9
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12 1% 2 2W 2 * 2 ft 2H 2% 3% 4 % 11 .4018 .3060 1.4018 1.7078 20
A verages, 11 .4000 .3060 1.4018 1.7078 20
With the improved early valentine bean, 60 per cent, 
of the small seed germinated, and 40 per cent, of the large 
seed. No. 6 died before the close of the experiment. The 
one remaining plant from the large seed was a better and 
more vigorous plant in every way than any one of the 
plants from the small seed.
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E X P E R IM E N T  I I  SOY BEA N  
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6 7 % 1 IK 1% 2V8 2^3 2% 2% 3 3V4 12V4 .2490 .3624 1.6037 1.9661 31
7 7 % life % 1% I / b 14? 2Ve 2% 3V* 11% .2640 .4078 1.4995 1.9073 30
8 8 V, H 1 1 1 1*
* 7 & 1 V A 1% 2% 2ie 2% 2% 3 •A 11% .2287 .3382 1.1111 1.4493 23
10 6 A % m 1% 1% 23V 2,le 2*4 9 ® ^16 3V4 11 .2116 .3436 1.2838 1.6274 24
A v e r a g e s , ...................................... 11% .2383 .3630 1.2745 1.6274 27
Small seeds of the soy bean germinating were 20 per 
cent.; of the large 100 per cent. No. 8 was dead at the 
close of the experiment. Any one of the four remaining 
plants from the large seed was superior to the one plant 
from the small seed.
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E X P E R IM E N T  V III  S C A R L E T  R U N N ER  BEA N  
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But 20  per cent, in each lot germinated in this experi­
ment with the scarlet runner bean. The results here were 
the reverse of what they were in the first part, where the 
small seeds produced the larger plants. P lant No. 9 , in 
this case, however, was much superior to  No. 1 , weighing 
more than twice as much. These two plants are shown in 
P late 3 .
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JP la t e  5, F ig . 1, sh o w s  th e  re la tiv e  d ev e lo p m e n t of th e  w hole p la n t  from  la rg e  a n d  sm all 
seed. T h e  tw o  p la n ts  t o  th e  le ft a re  a lfa lfa . N o. 2 b e in g  from  a  la rg e  seed, N o. 9 from  a  sm a ll. 
N o. 9 a n d  3 a r e  sw ee t c lo v e r p la n ts  from  la rg e  a n d  sm a ll seed  resp ec tiv e ly .
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E X P E R IM E N T  I X  COW P E A  
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With the cow pea, 80 per cent, of the small seed germ­
inated and 40 per cent of the large. The plantlets were 
of average strength and promise at first, but one by one 
they withered and died, so tbat no data was taken after 
the 16th day from the time of germinating. A reference 
to part one will show that there was no appreciable differ­
ence between the plants from the large and small seed in 
that portion of the study.
In this experiment the table shows the plants from the 
large seed to have averaged somewhat higher when the 
various measurements were taken.
In Experiment X that with the black-eyed marrow 
pea none of the seed germinated, hence no data are given. 
It will be noted, however, that in part one of this paper 
the results were favorable to the large seed.
Summarizing the results of the first nine experiments, 
it is found that 48 per cent, of the small seed germinated,
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and 50 per cent, of the large. Five plants from the small 
seed and four from the large died before the experiments 
were closed.
The large seed germinated an average slightly over 
four-fifths of a day earlier than the small seed. Thus, com­
paring the large and small seed in points of vitality and 
germination, the results are just the reverse to those ob­
tained in the first part of this study. But in the item of 
plant vigor and growth the results again show the superior 
value of the large, heavy seed. True, occasion ally a plant 
produced by a small seed was superior to some of the 
plants produced by the large seed, but this condition was 
clearly the exception. In no case, except with the sainfoin, 
was the largest plant in a given experiment grown from 
a small seed, and in every experiment except the sainfoin 
again the averages of the height of the plants, weight of 
the root, stem, and plant, and the number of leaves 
or branchlets were favorable to the plants produced by 
the large seed. Seducing the result to percentages, 88 
per'cent of these nine experiments attest the superiority 
of the large seed, and even if considered plant by plant 
the percentages stand 77 to 23 per cent, in favor of the 
large seed.
The superior leaf development of plants from large 
seeds is here also apparent. This is significant too, for it 
is in the leaf structure of the plant that the plant makes 
food and converts it into living tissue by which plant growth 
is accomplished.
Thus far the discussion has centered about the devel­
opment of the plant above the ground, but a study of the 
root growth of the plants in this series of experiments 
will attach additional importance to large seed. The 
larger and heavier root systems, with but few exceptions, 
being developed by the larger seed. This was noticeable 
in the larger number of rootlets and the more numerous 
root hairs, and it is through the latter that the moisture 
and foods for the nourishment of the plants are taken up 
from the soil.
The following Plate IY, Fig. 2, will show the relative 
root development of plants grown from large and small 
seed.
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The four plants to the left are medium red clover, No, 
5 and No. 3 being from small seed, Nos. 8 and 10 from 
large seed. The two plants to the right are sand vetch, 
and No. 8 is from a large seed, No. 2 from a small seed.
Plate V, Fig. 1, shows the relative development of the 
whole plant from large and small seed. The two plants 
to the left are alfalfa, No. 2 being from a large seed, No. 9 
from a small. Nos. 9 and 3 are sweet clover plants from 
large and small seed respectively.
The following figure, Plate V, Fig. 2, shows the root 
development alone of plants from large and small seed. 
The two roots on the left are roots of the scarlet runner 
bean; the two in the center, from the soy bean; and the 
two on the right from the sand vetch. In each case the 
root from the large seed is shown to  the left.
But two kinds of plants in the second part of this study 
(no note was taken of the root development in the first 
part) developed tubercles; namely, the medium red clover, 
and the sand vetch, and in each case the tubercles were 
more numerous on those roots which were developed from 
the large seed.
To sum up the whole investigation, then, while the 
limited number of experiments here reported would not 
justify general conclusions, yet, so far as this work is con­
cerned, even admitting an occasional exception, the gen­
eral results are conclusive, and strongly indicate the supe­
rior value of large seeds.
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